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(2) G-ra-rJ y(Smg p 2 I ) <&7 § S 

(a) 7" D - 7* CD flP K 

JtKUJ-C»fett»G7*a^-fy (Smg P 2 
1) ZS^gtt^Tf*^ (Seph-ide 
x ) G-2 5*7^^07h/77^--Cillllfit 
fcfc* 0. 1 H h 'J 7iU*"o»IIT¥»flSUfc YM 
C pack AP-B02 CU^C^^ 
fc • * H "C * T -b h - h "i / 2 - r a rf J - )U 
(3/7) 0~10 0K©ia«£j£<BO. i^h'J 
7 Jl/* P fifcftt 4 0mitCT, I'iil/*(D*IT 
r$ tfj O . {If^n/iI^CT'aH y * A c h 
romobacter !ytlcus7"o^T 
-■tf I TWftLs * n £ B a k a rbond W 
P Oc-t y * G> *5 6 © 

lo(Di^^A'xffl>»^i>'^- (Ap p i i 
ed Blosystems ftSJU M o d a I 
4 7 OA) CT7 * J M&n*'tk»K ± Z T 

Asn-Gl y - G 1 n - G 1 y - P h e - 




Al a-Leu-Va 1-Tyr-Ser- 
1 le-Thr-Ala-Cln-Ser- 

Th r-Ph e — As n — 

*(D^, -A s n-C I y-G I n-C 1 y - 

led BlosystemsttSU Model 
3 B OA) LTrP-7**#fc. 

A A C A A 
5 ' -CCGAAGCCTTGCCCGTT-3' 

c c 

T T 
T 4 # V * * * * K * * — *" (SCI* 
ttHttM) &tfr- a *P-ATPCT*©5' m 

fb) craT-f ^ (Smg P 21)cDNA£D 
1)9 lil 

f ^AS 7 (Catha 1 a) ? 4 - 





X * X ( D N A ) . _2_. 329, 1 9 3 3 ) £ 
*y (A) **T* * R N A *TIS©<UI < SB 

BPS. **I25 g &-Sfc:&#&$tc:T<5US 

\s - IZ\A*L, 3, 0 0 0 r.p.».-C2^|BIW^L 

OmM BDTA. 5 0mMM/A-J|Ktt (pH 
7) ac>' 8 H (v/v) fi - j ju* 7 y ; - 
;U ri* 1 O Ora^Tr^ny^t^x 

*-f*K- (5r.p. D .) t:z$^cK^t, ft: 

* 5 7Migffc-fe:>"7^i$ifcl om «i;{:BM>t:o 
•tt- . Hitachi (B4) RPS2B-Zn- 

* - tc T 2 7, 0 0 0 r.p.m. T 2 0 IS & & . R 
N A^ttKi ttlaliRLfc. C<DRNA0i±E5£ 
0. I K 5 /I' «£ fi* * M/ £ A v ImM EDT 
A. 1 0 m M K V X - JfiK (pH7. 5) * 6 * 
igfftlQm*Kr$*?Lx 7*/-/U-^oa^^ 
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£ ft * R N A ft 3. 9 5 £ 1 0 mM h 'M - igSt 
(PH8. 0) RC/lmM EDTA^^iii^ 
1 m £ tZ m * fc . 6 5 t: 5 # !S5 -< ^ * a ^ - 
HUv 0. 1 m £ © 5 Mffiffct h 'J 'Ji.^^i/:. 
m * * V zt (d T) tJUD-x • *7i» Cb- 
- - 1 • /M * >r § A (P-L Di och 
emi c a 1) ttSH M"?^'77-f - ( 7 

aa o, 5 m * > *c a> if tz . l # y ( a j 

^ Iff 4 m R N A-£* I OmMhU-J5K (p« 
7. 5) &OM mM B D T A ri- £ # * iSffc T ft tfj 
(A) £fi-*-*mRNAtfjlOO^«;£ 

fStfrftfc'tfV (A> mRNAft5*g£Jflt'* 
A m e r s h amtt©^-i7^ I" c D N A /£ 
> * :r ^ J 3* 1 3-2 lM&C^fsjrcDNA^a 
-j=.y^<>X-r-V-/*gt 1 0 J f* I 1-2 8SC 
fe«!0>;£i£Cte<r>. c D N A H 7" 7 'J - 

(igtlO^^^-J C © c D N 

A 3 'f 7* 7 'J - £ ±12 (*) # /c Ut IS 7* a - 7' £ 



^o-X7 (SiStt53) D. Han a 

^ — (Methods In E n z y m o 1 o 
& y > . 10 0 , 333-342. 1983) 
(tV^s*-h-7^*^"^74--C*AltiU* era 
■r-fy (Smg p 2 1) t3-Ff*eDNA 
Ifl * iA * tt <l g t I 0 -7 r - >* * i if o - y 

:®7r-^DNA £ B & . o> R I "C ffl ft L» % 

ft 2 k b c eco Ri7*^>yht», :n 

£77X*KpUC19 ( - X ( G s a a ) , 
3 3 . 103-119, 1 9 8 5 ) g> E c o R 
!fflI(fii;«AbT, crox-f^ CSmg P 2 
1) - Kt4DNAt^P-y<tLfc. d <D 

7* 7 A * K^p Smg 2 1 £ L . j»* < LTj|^ 
ftfcDNA^Sa ng e r&0^4x' 
( r a is - 7* , y j?' * y 4f •> 9 * ;u T 

-y- -y x v i> x * 7* +r 

X X X - (Proc. Natl. Acad. Sc 
' • U . S . A . ) . 7 4 . 5 4 6 3 - 5 4 6 7. 



197T) Ccfc$*©Jfi£K?iJ£zfe£L*:. Z <Z> 
. J=taffl2E?!U* fc*G7' D*-.*y(Snig p 

Sifcffl 2 

1) N3fe*S<Z>£J* 
G> pSmg2 1*2Mattl 9 8 8*fs*s*n** 
(P. 8 2, 8 3)tCg2»(O^^C^^T^g 
LX, 1 0 ^ UIIDN A^^fc. 

DNAMI8 CBft«m»» Applied 
Bioaystem MODEL 3 8 0 A) 

^k^ffl HP LC^^*)«SlUTf$ffl^fe. 
7*7-*^- S'-CCCCCACTCAAT 
TCCAAGCTTATCAGAGAATAT 
AAACTAGTGGTCCTTCG— 3 ' 
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JL&r^-f^-l 5 0pmo I £ * + - -fef IB 
ffi r£ (50mMMJ^-HC« ( p H 8. 0 ) . 

U 4 b - ^) 1 0M.©?fiT2 OuOTH'J 
&&®?&tz — D N A 1 0 ^ g * 7 ? - •> 

tiilO^'j ^5?^ u * ^ K £ Jfl fr* ft: 8M£ # IS 

^ I n v 1 t r □£8{fc1tia->;*'7-^ ; £flj t '^ 
T^-i/ + ^^:<2>^-*7^ (1 9 3 8^; p. 
2 5~p. 3 2) t:J;oT«li**^SlLfc. 

Ufc:i:fciff<D&ttDNA4^*Cl«b 

Hfi )t H B 0. 1 pmo I t&fe-S L . 1 OmMh 
'J * - Jfc fi* (PH7. 5) v lmM^^tf^l—f 

Aij^-'t* 1 u £ JJU?L , 4tTl 6 ItlQKSd 
£ © t><D* 3 * £ f*ffl L,v ffrPJtDifciaffl 

jm i o 9 3 y t* f ^ h-fe/i/*tf?£Kt£^ 7& 

jt» g/m < ^fLigltil < /* * " h r b * 1 0 B 

t h U 1 o g/< > 5 g/n 

B Smg P 2 1 

p S m g 2 l-2££#LTW*;Ua&YA2 
ltt£L-7*o:*CTx 3 0 t 7j-^^Stfc. 
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2) Smg p2i cDNACW^^^- 

^ © ^ A 

© p S m g 2 1 - I 10#rg{— Spmol) 
* IS if J H (I0mMMJX-4BH ( P H 7. 

5). 1 0 0 mMlftfli^ h H^Stf GmMia 
ft ^ * *> 9 A > 1 0 0 /i ^ * T s H I n d ffi 

2 0 u s B g I n 2 0 u * JB 3TCCT2 
»*|B]EJS£*- *BftfiLfc* d 0 *> 5 *>7 

ij /i/ 7 § K y Ji/lfcSfc i* Wi ec *• tt - Jfa 7 0 0 b p 
COSmg p 2 1 43 - KtiONABrfr*^ 

© |I|^H-tfc4pUSAH 2//g (~ 
Lpmo])«ttffilftH 4* KIT H I n d 02 u, 
H g I D 2 u«|^> 2 0/il (0^73 1 t 2 

f^CT7x / - ;u £ & tfj L <3K 7K^«LT 



C © *> (D * 5 0 « *R £ * * * * M 3 J* *fc C 'J 
yttUZt hH^6g/i. 'Jx6a2;k£* 
U O jU 3 g / * >. Jg{t7- h 'i AO. 5 s/ii&tf 

;H Oml&Cf lMSib^^f^O. Iml) C 
,/ > K ) 42mMCttUKJ§ii^llIl^^ £ 6 

^ i 6 i*na 3 ortcTis^ te#£*T o fc^tc 

6, 5 0 0 r.p.n. T 1 0#M©ia4>7>»Ccfc$£ia 

Ufc. d©t>eo*d. 9 K.Sft^- h y abh/ 1 0 

C Smg P 2 I CD^^torasS 
HSDStf'/T^'Jfl'T* K /US a^ttt ( h U 

x 3 g / a . /i;^yi4.4g/i»^o.ixs 

D S *fc*4ttffi»U 120V. 1 ttlS!) K^tf 
* & > y JU * tt 9 ft U T * i> • 'J 'J T * I- • 
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7'^- (S I gma) 

A* ^ 7? « L B§ # iC it * h ft « H Iff U t> /* 
>- K?&<#^Stf) 2 2.0 0 0CD8fKl<j!tb$n. Sm 
g P 2 I T^*^^<^2K$ft/> # ^©/O K * 

Ainu. mv*a> Y&zm v&'&m<p-ciz%(ik®) 

i ed 8 1 oaya femattSI) C «fc N £ 

^^-±TKSmg p 2 I ^nt; ^a-t 
^SaStttrtSmg p 2 iv^x^y^o-^ 
P 2 t T**Ci^«l2Sifife. 
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Xlfeffl 3 

Hili2i:^fcr7A? KpSmg 2 1 - 2 
10«g £ B a m H I Rtf Bg 1 U * ft ft 1 0 
a.*, y h -C 3 7 2 B$ ffl « U . $0 Iff U fc. 

S r&$5 * 4 « lie «j t ^ & 7 s p^>cj;«i. 

^ik&Jh. y^*6« 7 0 0 b p P B a m H I . 

B g » D»rJt*g)StfjL.. ?flf « L fc . dft^chli 

»|C, 7 , 7^U*pS(ng21-2 1 0 v g £ 

B a m Hi I 0a^ y hi! 3 7 t t 2 HThI^I 

L s 9}»T&7 yurt 'J tt*X7 7 ^ - t* 2 v h 

t 6 5 tt ii*w«jais £33© 
Bfc S . ^«^7xy - /i> to & L . x ^ / - /i, fcfc 
* ff H s SI L ste . £ O 7* ^ * 5 K0. 1 /j g * . 
5fe C ffi 35! U *: ft 7 0 0 b p CD B a m H I . B g 1 
HWrltiT4 9 # - -fef J; *> * * > 
fc$l>cor-7A$ K®^^^ Sm g p 2 leDiS 
fE^^2flSAo/c7'7X5 KpSmg 2 1 - 4* 

» fc ( m 5 El ) . 

pSmg 2 1 - 3fi.O'pSmg 2 1 - 4t*ti. 
fil^«0YA2 1^^^IfeftU, Smg 



p 2 1 **&r*jB»«fft*ftfc*iai»4**f#fc. 

Cft^0±IS®4**. lOm£©LB-/PA 
< >? r - h V 7 V V 1 0 g / I . /* £ h - 4 - 

* x * * h 7 * f*5 j/i&tfttftt h "Ma 

lOg/iipHU) T30t 

1 * CD M 9 lg life £ t£ JI C s 1 9ttfitHtt^ 

^2^PaTia3^x 2mM^aj;^ I PTG^Jl] 

a i 9 * m?, ssmn. 

mfttzmwiztiz s m g P 2 1 £ ^ & r * # 3< 

1 0 « / « o 1; 7 f 1 isg-p y v ^' ^^i^ 

i8#&fi£#*fT o fc^tt* 0. is* hyx 1 0 
0. 1, 5 Mifi-fb^* h y $ -i- G> fa tim & <b i&tp iz x 1 
5. 0 0 Or. p.*. T i O#IH1iS/k£lT-*A:*>0«)Jt 
< * &m*^ o • z CD pT?8®^^|?^^ 1 <h 
IslliPKLTJnSmfi p 2.1^'t?^ ; e/^nr--^ 



l?5S^J 4 

1 0 M © P S m g 2 1 ^ E c c R I 10 a. 

S MJZ. 5 K b P ODNABf)t«ffl3 

D N A <- V 1U h f&m U ♦ 

CODNA0. 5i"g^, E c o R I ?B Si 

^ - (4#WPS 6 1 - 2 8 5 9 9 0 ^-^^l) 0. 1 at 
l4T4DKA'J*-'l?5ai, hCO#^T«Cl 

^-pKCR Smg2 1*^/c. 
B. COSttlBSTOSmg 2 I <0|fe^ 

-h£2 AT&A: pKCR Smg21 20/ig 

^fia (I^J 1><10* eel Is) a< A r> T lr> ^ ^ 
^vi'^ (S(i6 c») tC^tffiL. MOj (Oka y 



-973- 




ama) h & 2f ft tz {£ -> X . 'JX«A/^Ulfc 
( * u * » 5 — T y K t^7- /Mini' 

-(Molacular and C e I I u 1 
a r Biology). 1 7 . 2 7 4 5 -27 
52, 1 9 8 1 ) C^DpKCR S m g 2 I £. 

costtKcsrAt/t. co, 5*HJSiT\ 

3- 7t73SS?lg|L> ^2X10' cells 

^^H/iiSSffl^A^'s C T c - Jg^k-fe •> <7 A 
( rtl^+*7- ^--y?' (Mo 1 ec 
ular C I o n I n g) rtl^J B 8- 

m 61, i 9 8 2 ^% a-^K * r »; x ^ 

— — 7#?> 'J - (Co 1 d Sprln 
g Harbor Laboratory) )(C 
cfc-^Tx |gR N A (Hi 00m) 

C CD R N A 2 0 A g U > h^* (Tom 

a 5 ) (> v'vX < V x 4 *v >' 

-(Methods In Enzymolog 
Y ) . 1 0 0 . 2, 5 5-266. 1 9 8 3 > .7 # 
f ^ •/ ^ 7* Ix* (Academic Proa 

f!$feW 5- 

7UK*SlftlfcSm ? p 2 I iRfcl- (C 
I y V a I'M $tnfrcr>Wf& 

(0 5 ' - CTAGTGGTCCTTCCATC 
CGTAGCCGTGGCGAAG-3 ' © 
Sffi?lJ*tt4DNA*DN Ai/y-fei^^f- 

(ABSilS!) K^ttK^. CO^Jl"^' 
t-SOpmoltiOOmMI-n ~ i2K 

( p H 8. 0 ) s I 0 m M S ft v ^ ^ -> i. N 7 
m M X l"f h - & t/ 1 mM AT 

*- *■ K * * - 2 ^ - v 3 7 r T 1 

5*|!Jlllgfits * 7 Ott 1 

(2) p S m g 2 1 TJBWCtt L/i*ttffl J M 1 0 
9 2 0 m ^ O 2 fSiS*<D Y T 10 life (>%' * h 

r'J7*hyi6g/4.'N':7h *f - * r x 
* % Y 7 O \ I 0 g / * ffl{btMIH5g 

/ * . 1 o oa«/*7yes/y ^fi.a'0. o 1^ 
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-ofc. * <Z> E* > ra^-r^UTttx pSmg21 
I p g * 1 a- - v h g) B c o R I fttf.l a - v h 
<D B a I nTfa^Lt!l^ti/:^ 6 6 0 b p©D 
N A Sir it (Smg2l3-f*>'4 r 7*o-*. £ 
CD»tM-^tCSmg 2 1 CD □ - x -r V ^ ft * £ T 

it IS © «> ^ pKCR S m g 2 I ^-ilAL, 
tlr'/n'COSWK*Hllcl«Lx If^n/cig 

T . y - *f y -? a v * ^ ^ * if U U ♦ 

* © *S & * pKCR Smg2 1 *«AtfiC 
OStfflBSa^tefcRNAtCttx A 

Smg 2 1 3 - x ^/n-yi^^'J/^ 
t£ -> T - pKCR Smg2l7^S>Smg2 1 

^75yco^?£Tx 3 7 rtfit3«9*t*. 
OD 4 #» ?»<0. 3^&OfcS$i3x — Vt — 

•;M1 3 KOtt'^f/'it^ =*" 7 ' 

^ A (m, o. I . > A< 2 1 0 T 
^ Hi- -5 • * 3 0 #18*5* 
* ± t 4 > y & 7 0 A g/m fi CD ?S & fc3:./<C * .£ 
■>tC LTttlWCfcfft. I 0 - 1 68*JSI 3 7 fC 
tg&T*. »«8K 2 0 0 0 r. p. m. 

C©±?f K 4 m £ © 2 0 "i X ?- 
y \) a - 2. 5 M Jg <fc * Mi ^^Jii^ 

4 tT l^HWffUfc^-. 3 000 r. p. m. 

1 5 0 0 0 r . p. m. T 5 # fUJ & 'k # SB L . 

d O-fctfC 7 x -/ - A** 2 0 0 M 
*UQ;t.Bm&x 1 5 0 0 0 r . p. m. "CI 

o^fmar^bx .tJ§**$if :©J:i8c> 

5 OP ««D3M»tt*"MJ*^&tfi 2 5 0* 
iCbXfrJ — ib^lm*-* I 5 0 0 0 r . p. m 
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& 5 0 a I ©;kcfSa?Us pSmg2 1^/ 

(3) (UTfSfc '/ /KIU (2)Tftfc P 

S ra g 2 1 i* * ? iVTs h 7 y K DN A$|^T> 

fcT h D * A ( O I 

lgonucleottde-di recte 
d in v I t r\ o mutagenesl 
s system) (Ame r s h a mttfi) 
T . A m e r s h amttOViaTA'P 2 8 ~ 
3 OCttt^ Srng p 2 1 O 1 2#l©r 5 
ySlTJb^^'i ( G 1 x ) if***) V < V a 

1 ) r^-K$n&J;-)i:SESLfcSmg p 

2 i ftjiiite^ ^fr«**t*. dtD^^itte^ 

t»^r7»U' (pSnr 21 Val 
1 2) «Hfi6W2tC^UA:pSrog2 lG>*&-£ 
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4 I2ffi©fgf#tf2a W 
$ 1 19 « *56P3©G7*D-r^> (Srng p 

35 3 SM*-. 1 t * o - y<t L tz G 7* ci f 

-f y®c DNA©l££KJfl£?rc , fEJi0T2>*. 

£*tef« 2 ?ftJ&Urz75 X 5 K p s 
mg2 i - i&tfp Sjag 2 l-20<aH&0S.tf 

3i s em. illfctfj 3 r v ^ * K P s 

fng21-3&tfpSm«21-< O«t0&0RO' 
KCR Smg2 1O«i^C0<ia^ ; £^rSlffit?* 

<t m a #a± ssju - 



I 3 10 



12! 123 130 



M»r -Arg-Clu-Tyr-Lyi-L.u-Vcl — V a I -Leu-G I y- G I u —As p — <5 1 u - Arg — Va I - V a I — G I y - L y s — G I u -G I n- 



11 IS 20 

S«r-Gly-Gly-Vol-GI y~Lys-S«r-Alo-Leu-Thr- 



131 J35 140 

Gly-Gln-Asn-Leu-Ald-A^-GI n — T rp-Cyj -Asn- 



Vol-Gln-Phe-Vol-GI n-Gly-Ili-Phe-Vfll-Gtu- 141 143 1 SO 

Cyi-AlG-Ph#-Liu-Glu-Sflr-S»r-Ala-ty»-S6r 

131 133 160 

Lyi-II#-Asn-Vq|-A»n-Gtu-Ile-Phe-Ty r-Asp 

1 61 163 1 70 

L»u-Va1-Arg-GI n-I ! B-Ain-Arg-Ly s-Thr-Pro 

171 173 IBO 

Val-Glu-Lys-Lys-Ly.»-Pr*-Ly»-Ly»-Ly*-S«r 

181 184 
Cy • -L*u-L«u -Leu 



31 33 40 
Ly s -Tyr -A«P -Pro-Thr -r I • -G I u ~A« p-S« f -Ty r- 131 _ 13* ^ If? 

41 45 50 

Arg-Lys-Gfn-Vol-dlu-Vol - Asp-Cyi-Gln-GIn- 161 • 165 ^ 

51 55 60 
C y * — M it-Ltu — G I u — I I e -L«u- A »p -T h r - Al q-G I y- 1.71 173 ^ l^BO 

61 65 70 

Thr-Gl u-Glo-PhB-Thf-Ala-Mit-Af fl-Aip-Ltu- 181 184 

7t 75 80 

Tyr-Mrt-Ly«-A»n-Gly-Gln-6ly-Ph*-Aia— L*u.— 

61 85 90 

Vo I -Tyr-Str-I I «.-T h r -A I a -G I n -S ■ r-T h r - Ph 

91 93 I 00 

Ain-A*p-L«u-Gl n-A*p-LiU-Arg-Gl u -G I n - 1 I •— 

1 Ol 103 MO 

LBU-Arg-Val-Lyi-ABp-Thr-Glu-Ajp-Val-Pro-, 

111 f 1 5 I 20 

M«t - X I • -L»u -Vo I -G I y-A*n-Ly»-Cy i -A«p-L«u- 
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